The Golgi apparatus in Tradescantia pollen undergoes marked morphological changes during development of the pollen grains (Maruyama 1965) . It consists of hundreds of tiny dictyosomes scattered randomly throughout the cytoplasm . These dictyosomes grow, mature and degenerate synchronously during the pollen devel opment. Namely, young dictyosomes are composed of a few, concentrically arranged ring form of cisternae. These ring dictyosomes are growing, and the num ber of the cisternae increases. The ring dictyosomes transform themselves by open-out of the ring cisternae to stacks of straight and parallel cisternae. These mature dictyosomes, then, produce secretory vesicles at the cost of the cisternae , and degenerate.
In the present study, we have investigated the cytochemical aspects of the Golgi apparatus during the course of development. Recent advances of cytochemical staining methods enable us to localize polysaccharides in the cell at the ultrastruc tural level (Pease 1966 , Pickett-Heaps 1967 , Rambourg 1967 , Thiery 1967 , Ram bourg et al. 1969 . Enzyme cytochemistry has demonstrated that phosphatases such as TPPase (thiamine pyrophosphatase), IDPase (inosine diphosphatase) and acid phosphatase are localized in the Golgi apparatus of variety of animal cells (Allen and Slater 1961 , Novikoff and Goldfischer 1961 , Novikoff et al. 1962 , Allen 1963 , Otero-Vilardebo et al. 1964 and plant cells (Poux 1967 , Dauwalder et al. 1969 , Zaar and Schnepf 1969 . Present report deals with polysaccharides and two phosphatases, TPPase and IDPase.
Cytochemical studies of enzymes demonstrate only a fraction of the total activity. The absence of staining can not be interpreted as demonstrating the absence of enzyme activity. Despite the limitations in the techniques, however, the data indicate some correlations of changes in the phosphatase activities and the syn thesis of polysaccharides with the morphological modifications of the Golgi ap paratus. 
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Controls were run on by substitution of distilled water for the substrates. Follow ing the enzymatic incubation, the pollen grains were post-osmicated and were processed as conventional.
Results
The development of the pollen grain may be divided roughly into three stages for the convenience of describing the morphological and cytochemical events in the Golgi apparatus. I) After the postmeiotic mitosis till the generative nucleus has elongated to a rod shape. II) Petals of the flower-bud coloured purple. III) Flower is opened. The pollen grains may be cultured for germination. •~42,000.
Morphology of the Golgi apparatus: The aldehyde-osmium fixation confirmed the previous observation by potassium permanganate fixation (Maruyama 1965) . The Golgi apparatus consists of a large number of dictyosomes scattered randomely throughout the cytoplasm. At stage I, the dictyosome is composed of concentri cally arranged ring form of cisternae (Fig. 1) . The simplest one is a single ring. The larger one consists of 6 to 8 cisternae. The inner two or three, maximum four, cisternae are in the form of rings with their ends closed and joined up, while the outer ones do not form complete rings. osmium fixation, the mature form of the dictyosomes appears earlier in the develop ment of the pollen grains than with the permanganate fixations . Although the dictyosomes in figure 8 take an appearance of mature form of the dictyosome , it may take the ring form if fixed by the conventional methods . At stages II and III, no reaction was seen in the dictyosomes, even when the pollen grains were fixed milder or incubated longer for up to 2 hours .
On the contrary to TPPase, the reaction product for IDPase was not found in the dictyosomes up to the stage III. Figure 9 shows IDPase activity in the dictyo somes at stage III. The reaction deposits were seen in the vesicles as well as in the cisternae of the dictyosomes.
Discussion
Progress has been made towards the understanding of functions of the Golgi apparatus, namely its role in protein and polysaccharide metabolism and packag ing of materials for storage or for export (cf. Jamieson and Palade 1967 a and b , Beams and Kessel 1968) . Association of the organelle with polysaccharide meta bolism has been suggested by varied methods of approach; namely , autoradio graphy at the electron microscopic level (Peterson and Leblond 1964 , Neutra and Leblond 1966 , Berland et al. 1968 , Leffingwell 1968 , Whur et al. 1969 , Bennett 1970 , Haddad et al, 1971 , Weinstock and Leblond 1971 , Fawke and Pickett-Heaps 1972 , biochemical analysis of the isolated Golgi apparatus (Morre et al. 1963 , Fleischer et al. 1969 , Cheetham et al. 1970 , and ultracytochemical stainings (Pickett-Heaps 1967 , Rambourg 1967 , Thiery 1967 , Schnepf 1968 , Jensen et al. 1968 , Rambourg et al. 1969 , Wise and Flickinger 1970 , Sage and Jersild 1971 , Van der Woude et al. 1971 ).
In the pollen grains, dictyosomes have been shown to contain polysaccharides by ultracytochemical methods. Jensen et al. (1968) have stained the dictyosomes in the mature pollen grains of cotten with silver methenamine. Van der Woude et al, (1971) have demonstrated the presence of polysaccharides in the vesicles of dictyo somes in germinating lily pollen. In the present study of Tradescantia pollen, the presence of polysaccharides in the dictyosomes was tested by stainings with silver methenamine and with phosphotungstic acid at a low pH. Polysaccharides were found in the dictyosomes at the young stages of the development of the organelle as well as the older stages. The staining intensity was weak at the young stages, but it increased rapidly at the final stage of the development of the organelle in which the cisternae produce secretory vesicles. The results indicate that polysaccharides are present in the dictyosomes throughout the developmental processes of the orga nelle, and that they increase in amount in particular at the time when the secretory vesicles are produced.
Both biochemical and cytochemical investigations suggest association of IDPase with polysaccharide metabolism. Galactosyltransferases were found by biochemical assay to be localized in the Glogi apparatus (Morre et al. 1969 , Flei scher et al. 1969 , Cheetham et al. 1971 . The enzymes yield UDP (uridine diphos phate) as a reaction product. UDPase (uridine diphosphatase which may be de-tected cytochemically as IDPase) is capable of hydrolyzing UDP. Thus, the increased activity of UDPase or IDPase in the Golgi apparatus could be expected to drive the reaction in the direction of polysaccharide synthesis (cf. Novikoff et al. 1971) . Ray et al. (1969) isolated particles containing polysaccharide synthetase ((3-1, 4-glucan synthetase) activity from peas. These particles were identified as Golgi membrane, and exhibited latent UDPase activity. They inferred that the UDPase activity of the particles represents inactivated polysaccharide synthetase. Cytochemical studies also suggest correlation of IDPase activity with polysaccha ride metabolism. IDPase was found to localize in the distal pole of the apparatus (Zaar and Schnepf 1969) , where polysaccharides were concentrated (Rambourg et al. 1969 , Wise and Flicklinger 1970 a and b, Sage and Jersild 1971 . Dauwalder et al. (1969) reported in root meristem that the tissues, in which a high reactivity for IDPase is consistently found in the Golgi apparatus, are characterized by specific modification of the apparatus for secretion of a product with a high polysaccharide content. Smith and Farquhar (1970) found modulation in IDPase activity during protein secretion in mammotrophic hormone-producing cells of the female rat adenophypopsis. From its location and fluctuation with secretion, they concluded that IDPase activity is associated with the condensation and/or discharge of secre tory granules. In the pollen, IDPase activity appears concomitantly with the onset of the secretory vesicle production and intense stainings for polysaccharides. This may indicate that IDPase activity is associated with the concentration and packag ing of a product with a high polysaccharide content.
Whether or not TPPase and IDPase are separate enzymes has been a contro versial matter. Allen (1963 a and b) has succeeded in separating TPPase and NDPase (nucleoside diphosphatase which is detected as IDPase cytochemically) of mouse epididymis by electrophoresis and noted some overlap in substrates hydro lyzed by these two enzymes. Yamazaki and Hayaishi (1968) purified a highly homo genous protein preparation from bovine liver microsomes that hydrolyzed both TPP and NDP. They concluded that different allosteric configurations of a single protein are responsible for these activities. Cytochemical studies favor the view that they are different enzymes. It was found that activities demonstrated with the two substrates, TPP and IDP, differ in their distribution and in their sensitivity to fixation and inhibitors (Goldfischer et al. 1971) . Differences in cytochemical staining with TPP and IDP in the Golgi apparatus indicate that a single enzymes does not hydrolyze these substrates. In the present study, TPPase activity was proved at an early stage of the development of the Golgi apparatus, while the IDPase activity was found at a later stage. Differences in activities of the enzymes by the developmental stages of the organelle favor the view that they are different enzymes. 
